Abstract Urban environments contain habitats for flowering plants and their pollinating animal species. It is, however, unclear how the urban matrix influences plant-pollinator processes. We recorded plant diversity, floral abundance, flower visitor diversity and plot visits at 89 plant patches within the city of Zürich. The urban matrix surrounding each site was analyzed for the landscape metrics edge density and the extent of green area up to 200 m radius. The correlation between edge density and bee diversity and visitation frequency varied over the entire spatial range, while the correlation for syrphid diversity and visitation frequency levelled off at 80 m radius. In contrast, the correlations with green area were more consistent, with bee diversity levelling off after 100 m, while syrphid diversity and visits continued to increase. The variation in the correlation of bee visits was partly accounted for by the large contribution of honeybees. Plant diversity significantly affected bee diversity and visits, and syrphid visits. Floral abundance had a positive effect on bee visits and bee diversity. Syrphid diversity had a negative interaction with floral abundance and green area. The extent of green area increased bee diversity and visits, and syrphid visits, while edge density reduced visitation by bees. This study showed that plant diversity and floral abundance in urban environments promote pollinating flower visitors. The extent of green area and edge density are important urban mosaic attributes that affect pollinator abundance and visitation frequency at multiple scales.
Introduction
Human population continues to increase, particularly in urban areas which now contain more than half the world's population (Cohen 2003; Crane and Kinzig 2005; Grimm et al. 2008) . For Europe, despite decreasing population overall, approximately 80% of the population will be expected to live in cities in the next 20 years (United Nations 2008). As population density in cities increases, and as cities themselves continue to grow, there are likely to be impacts on the semi-natural elements of urban environments through habitat degradation or loss. This has social implications in that exposure to nature for most of the world's population (i.e., those living in urban areas) may be increasingly restricted (Crane and Kinzig 2005) . Given such concerns, we should be aware of the potential for urban areas to provide opportunities for human interactions with nature. Indeed, urban areas do have potential to support surprising amounts of biodiversity (Niemelä 1999; Rebele 1994) , but this potential can be enhanced by the structure and composition of urban areas, in other words the urban habitat matrix.
Habitat heterogeneity, which has been demonstrated to support species diversity (Di Gulio and Nobis 2008), can be high in urban environments which may include a variety of forms of suitable habitats for plants and insects. For example, green roofs provide new space for plant and animal species (Brenneisen 2006; Kadas 2006; Oberndorfer et al. 2007 ) while derelict'brown-field' sites such as inoperative railways, and green areas such as parks and gardens, harbour many animal species (McFrederick and LeBuhn 2006; Saure 1996) . Building complexes may even change the abiotic conditions locally, which affect animal species abundances, diversity and distribution (Godefroid and Koedam 2007) .
Sustainable ecosystems need not only species, but also effectively functioning ecological processes. Pollination is a supporting ecosystem service for both wild plants and many planted crops. Within the urban environment the maintenance of viable populations of flowering plants may therefore depend on insect pollinators that the urban environment supports. Recently there has been growing concern about many pollinator groups, which are thought to be declining in intensively managed and transformed landscapes (Biesmeijer et al. 2006; Vamosi et al. 2006) . A decline in pollinator abundance and diversity may result in pollen limitation and reduced reproductive success in plants. At the same time, low plant diversity may sustain fewer pollinator species.
Urban environments can provide a range of resources for pollinating animals, including nesting sites and nutritional resources (Cane et al. 2006; Hopwood 2008; Saure 1996) , within, for example, gardens (McFrederick and LeBuhn 2006; Osborne et al. 2008b ) and along roadsides (Hopwood 2008) . In addition to the extent of suitable habitats to support pollinators, the foraging ability of insects and hence their potential role as pollinator service providers, depends on the connectivity among suitable habitats in the urban environment (Donaldson et al. 2002; Gilbert et al. 1998; Tewksbury et al. 2002; Townsend and Levey 2005) . Roads and railroads, for example, have been shown to reduce the movement of pollinating animals (Bhattacharya et al. 2003) . The urban matrix can therefore play a major role in determining pollinator movement, diversity, and density.
Among Hymenoptera and Diptera the bees (Apoidea) and syrphid flies (Syrphidae) are among the most important pollinators of many flowering plant species (Buchmann and Nabhan 1996; Kevan and Baker 1983; Ssymank et al. 2008) . While in this respect bees and syrphids perform similar ecological functions, they also differ in many traits. Endothermy among many, and perhaps most, bees and wasps extends the lower temperature limit of foraging making bees more effective pollinators over more time (daily and seasonally) than most syrphids, few of which have endothermic capabilities (Ghazoul and Willmer 1994; Heinrich 1975; Morgan and Heinrich 1987; Willmer and Stone 2004) . It also allows bees to achieve longer foraging distances, particularly in inclement weather, and therefore reach more isolated flower patches. Furthermore, the social structure of bees and the requirement for pollen by larvae ensures that there is high demand for pollen by bees, which explains higher foraging activity by bees on flowers than other insects. To analyze how these two pollinator groups, and pollination processes, respond to the urban environment we investigated pollinator diversity and floral visitation with respect to the area of green space, density of habitat edges, and habitat diversity at different scales on bee and syrphid fly diversity and their patch visit frequency at 89 locations within an urban matrix.
Green areas constitute any patch of vegetation within the urban matrix. This may include relatively large areas such as parks, which themselves might consist of several habitat types, or smaller patches such as urban gardens, vegetated strips along roads, vegetated derelict plots, or even green roofs. These green areas often provide breeding, nesting, and foraging sites for bees and syrphids (e.g., McFrederick and LeBuhn 2006; Saure 1996; Stuke 1998) . Small green areas might be used as "stepping stones" on foraging bouts between larger areas (Dearborn and Kark 2010; Dover and Settele 2009) .
Edges are the boundaries between urban land use types, and their quantification is thus subject to the number of land uses recognised and mapped. Linear features and habitat edges in farmland serve as foraging routes for bees and syrphids (Van Geert et al. 2010 ) and few bee species such as bumblebees choose edges for nest sites (Osborne et al. 2008b) . There is also evidence that linear features and habitat edges in rural and suburban landscapes might act as a barrier to the movement of bees and syrphids (Bhattacharya et al. 2003; Wratten et al. 2003) . Given this uncertainty, we explore how density of habitat edges at different scales affects the abundance and diversity of the urban pollinator community.
Materials and methods

Study site
The city of Zürich has 380,499 inhabitants (2008) and is the largest city of Switzerland, located in its north-eastern part. Population growth in the city from 1998 to 2008 was 8.2% (Statistisches Amt Zürich 2008) , and is expected to increase as the entire Swiss population is projected to grow by up to 20% in the next 50 years (Giannakouris 2008) . Zürich covers an area of 8,774 ha, of which about 60% is paved (buildings, streets), and 37.5% consists of forests, parks and agricultural land (Statistisches Amt Zürich 2008) . Few study sites (27 out of 89) were located within the Zürich urban centre, while the rest were located towards the edge of the centre where there are more extensive green areas (Fig. 1) .
Data collection
Plant diversity and pollinator visits
Green areas within the city such as parks, green strips along roads, and gardens, were randomly chosen for observations on plants and pollinators between 26th May and 10th September 2008. At each of the 89 sites observations on flower visitors and plant species were conducted once within 2×2 m plots. Most (40.4%) flowering plant patches within which these plots were located were relatively small (up to 1,500 m 2 ) with only few plots located in the midst of a wider expanse of flowering plants. The flowering plant community within each plot was not obviously different in composition to the surrounding patch, though this was not quantitatively assessed. The number and identity of each flowering plant species, and flower visitation frequency and identity of each pollinator visiting the site were recorded. Records were made only for flower visitors landing on flowers and actively searching for rewards. We counted every insect entering the plot as a new individual. While this may overestimate the actual number of individuals visiting the plot, we assume that the consistent application of this rule across all plots allowed unbiased comparison across plots. Observations of pollinator visits lasted 40 min between 0900 and 1700 on sunny days. The observer spent 10 min at the corner of each plot before moving to the next corner so as to avoid bias due to shading. Familiarization with the identity of flower visiting insects in this region was obtained through extensive field observations and collection as part of earlier studies. Even so, some insects remained difficult to identify to species (including, for example, some Lasioglossum and Bombus bees). Where possible these were caught for later identification. We were able to identify 71% visitors to species, and 92.6% to genus. Specimens were determined using relevant keys (Amiet 1996; van Veen 2004; Oosterbroek 2006) .
Plant species at each plot were identified (following Bässler et al. 1996) and the number of flowers of all plants were counted after each observation period. Densely clustered floral heads of Asteraceae, Apiaceae and some flowers of Fabaceae (e.g., Trifolium spp.) were considered as single flowers. Sites that contained only a single flowering plant species were selected at locations, where there were no other heterospecifics at least within 20 m of the plot, so as to avoid site misinterpretation. Similarly, and so far as casual visual assessment allowed, the 2×2 m plots were positioned to reflect the surrounding flowering community mix. 
Landscape metrics
Two landscape metrics, the extent of green area and edge density were used to quantify spatial structure around each of the 89 patches within the urban environment of Zürich using ArcGIS 9.2 (Environmental Systems Research Institute (ESRI) Inc. 2006). This was done at a variety of spatial scales, as described below. Green area included meadows, grassland, gardens, and parks (but not forests), and was calculated as the proportion of green area (m 2 ) to the total area (m 2 ). Edge density (m ha −1 ) was defined as the edge length of green areas divided by its total area. We do not distinguish between the types of land use adjacent to green area patches.
For each site, values for the two landscape metrics were calculated for multiple scales from 20 to 100 m radius (i.e., 1,260 to 31,500 m 2 ) in 10-meter-steps, and from 100 to 200 m (i.e., 125,500 m 2 ) in 25-meter-steps. We used a maximum 200 m radius scale from each observational plot, because successful pollen transfer among insect-pollinated plant species has been previously shown to be less than 200 m (mean 130 m) in urban habitats (Van Rossum and Triest 2010). While it is well known that several bees, particularly honeybees and bumblebees, can cover far greater distances within single foraging bouts, it seems far less probable that pollen is successfully transferred between conspecific plants over such distances, particularly in urban matrices, although beyond the abovementioned study there is little direct evidence to support this contention. Nevertheless, other reasons for limiting the scale to 200 m radius are that, first, beyond this scale changes in the two landscape metrics were marginal and, second, surveyed areas centered on observation plots began to overlap.
Analysis
Landscape metrics
We performed Spearman's rank correlation of the response variables "diversity" of bees and syrphids, "patch visits by bees" and "patch visits by syrphid flies" with the landscape metrics at each distance. The extent of green area as a proportion of the total area was arcsine square root transformed before the analysis. Spearman's correlation coefficient ϱ of each analysis was plotted against the area analyzed to show the degree of correlation at each scale (i.e., each of the 10-25 m radius increments).
Statistical analysis
We calculated Shannon diversity index for plants and pollinators. Shannon diversity index accounts for the number of species and their abundance. We used flower number to represent plant abundance. Floral abundance was used independently in the analyses, because it describes resource amount. Though some frequent plant species may influence the attractiveness of patches to flower visitors, we considered the effect of particular plant species as part of the error term in the model.
We analyzed the diversity and the ratio visitation frequency/floral density of bees and syrphid flies against the landscape metrics, plant diversity, and floral density using multiple linear regression. Interactions between plant diversity and floral abundance with the landscape metrics were used to account for large and local scale effects. For landscape metrics, we chose only scales with highest correlation values.
As the diversity and the ratio visitation frequency/floral density of syrphids consist of many zero values (54% and 27%, respectively), we performed for these two variables Wilcoxon (exact) tests on edge density and green area at highest correlation values. For significant differences between the means, multiple linear regressions were applied on non-zero values.
Explanatory variables were investigated for multicollinearity using variance inflation factors. Variance inflation factors larger than five indicate multicollinearity (Sheater 2009; Zuur et al. 2009 ). We removed multicollinearity by centering all explanatory variables around their mean (i.e., substracting each value from the mean). Models were investigated for violation of homodascity and normality. Transformations of explanatory and response variables were applied to achieve assumptions. We tested for spatial independency of residuals using Moran's I following the procedure described in Dormann et al. (2007) .
Stepwise reduction of non-significant explanatory variables using F-test was applied to find the most parsimonous model. For all calculations the statistical program R was used with the packages vegan (Oksanen et al. 2009 ) to calculate bee, syrphid, and plant diversity, the package exactRankTests (Hothorn and Hornik 2006) for the Wilcoxon exact tests, the package faraway (Faraway 2009) for the investigation of the variance inflation factors, and the packages ncf (Bjornstad 2009 ) and spdep (Bivand et al. 2009 ) to calculate the Moran's I.
Results
Pollinator species
A total of 2,862 visits by 148 insect species were recorded, averaging to 32 visits per patch. Species accumulation curves for species richness of syrphids and bees approached but did not reach an asymptote at 89 sites observations, the same being the case for plants (Fig. 2) . Thus while we are confident that we have comprehensively "sampled" most members of the pollinator and plant communities within the city of Zürich, new rare, transient or occasional flower visitor species are likely to be found.
Most plot visits were by Hymenoptera (79.5%) and Diptera (17.5%). The most common visits within each of the two groups were made by Apoidea (98%) and Syrphidae (82.2%), respectively. Apoidea were mostly represented by honeybees (Apis mellifera) (48.7%) and bumblebees (28.6%), among which the most frequent observed species was Bombus pascuorum (18.5%) (for full species list see Online Resource 1). Among the syrphid flies, Fig. 2 Species accumulation curves for pollinator, plant, bee and syrphid diversity with 95% confidence intervals using the method "random" in the package vegan from the statistical program R the four most common species were Eristalis cf. tenax (23.4%), Episyrphus balteatus (13.1%), Cheilosia scutellata (12.2%), and Sphaerophoria scripta (11.7%).
Hymenoptera were the most species-rich group (65 spp., 44%), although the number of Diptera species is approximately equal (61 spp., 41.2%). Apoidea (55 spp., 84.6%) and Syrphidae (34 spp., 55.7%) were the most species rich families within each group. For this reason, both families were independently analysed for the effects of plant diversity, floral abundance and landscape metrics.
As honeybees (Apis mellifera L.) accounted for 50.5% of all bee plot visits (1,086 out of 2,150 plot visits) we conducted additionally analyses on bee plot visits excluding honeybees.
Plant species
We recorded 67 plant species from 19 plant families (Online Resource 2). The most species-rich plant families were Asteraceae (17 spp.), Fabaceae (11 spp.), and Lamiaceae (8 spp.). Most flowers were counted for Fabaceae (9,965), Asteraceae (4,180), and Lamiaceae (1,133 
Landscape metrics
Edge density of green area
Edge density explained considerably more of the variation in syrphid diversity and syrphid visit frequency (maximum value 10.7% and 9.7%, respectively, at 80 m radius or≈ 20,000 m 2 ) than that of bee diversity (maximum value 1.9% at 200 m or≈125,500 m 2 ), bee visit frequency (maximum value 5.2% at 150 m radius or 70,000 m 2 ), and bee visits excluding honeybees (maximum value 0.64% at 60 m or≈11,500 m 2 ). Bee diversity was negatively associated with edge density at the lowest scales (≈ 1,250 m 2 ), and positively thereafter, while bee visits were almost negatively correlated and showed considerable variation in correlation. Similarly bee plot visits excluding honeybees showed considerable variation in correlation with edge density (maximum value of 0.64% at 60 m radius), but were more weakly correlated with edge density than plot visits of all bees. Correlation coefficients of bees were negative below 50 m radius (≈ 7,500 m 2 ), and between 80 and 175 m (i.e., ≈ 20,000-95,000 m 2 ), while otherwise positive (Fig. 4) . By contrast, edge density positively influenced syrphid diversity and visitation frequency at all scales, reaching an asymptote at 100 m radius (≈ 31,500 m 2 ) for diversity and visitation frequency (Fig. 5) .
Green area
As with edge density, the extent of green area explains far more of the variation in syrphid diversity (maximum 16.5% at 200 m radius) than for bee diversity (maximum 3.4% at 100 m radius), and similarly for syrphid visit frequency (maximum 15.7% at 200 m radius) than in bee visit frequency (maximum 0.2% at 200 m radius). There was always a positive effect of green area on bee and syrphid diversity, and syrphid visits (Fig. 5) . Bee visits were negatively correlated with green area at radii below 30 m (≈ 2,500 m) and above 100 m (≈ 31,500 m 2 ). Excluding honeybee visits correlation was only negative at the lowest scale (20 m radius) and increased thereafter with scale, reaching an asymptote at 60 m radius (≈ 11,000 m 2 , Fig. 4 ). Almost all curves followed an asymptotic form with the exception of bee visits, which showed considerable variation at scales below 100 m radius. For bee diversity there was a levelling off at 100 m radius scale (≈ 31,500 m 2 ), while this occurs more gradually and at larger spatial scales for syrphid flies (Fig. 5 ).
Bees and syrphid flies
Bees
Bee diversity increased significantly with plant diversity (t=4.3, p<0.001) and green area size (t= 2.46, p= 0.02). We found bee abundance to increase also significantly with plant diversity (t= 3.94, p<0.001), green area size (t= − 2.19, p=0.03) and floral abundance (t =4.02, p<0.001), while edge density affected negatively bee visits (t =− 2.3, p= 0.02). Moran's I values for the model residuals of bee diversity (Moran's I= − 0.51, p= 0.7) and bee visits (Moran's I =− 1.01, p=0.84) showed no significant spatial pattern of residuals, which indicated no effect of spatial autocorrelation on parameter estimation.
Removing honeybees, bee plot visits increased with plant diversity (t=4.2, p<0.001), floral abundance (t=3.3, p=0.001), and green area size (t=2.19, p=0.03). There was no spatial autocorrelation of model residuals (Moran's I=− 0.64, p=0.74). Spearman's Correlation Coefficient (rho) Area (km 2 ) Fig. 4 Correlation between of extent of green area and green area edge density with bee diversity, bee visits, and bee visits excluding honeybees across the 89 sampled locations. Note the differences in scale at the y-axis. Solid lines show the p-value at 0.05 and dashed lines at 0.1. There was no significant correlation between bee visits and extent of green area as well as bee visits and edge density. No significant correlation was also found between edge density and bee diversity, and the extent of green area and bee visits
Syrphids
We found highly significant differences between sites with and without syrphid diversity when accounting for the size of green area at 200 m radius and edge density at 80 m radius (Table 1) . Similarly, there was a significant difference between field sites with and without syrphid visits when considering the size of green area at 200 m radius (Table 1) . There was Correlation between the extent of green area and edge density with syrphid diversity and syrphid visitation frequency across the 89 sampled locations. Note the differences in scale at the y-axis. Solid lines show the p-value at 0.05 and dashed lines at 0.1. All correlation coefficients between syrphid diversity and the extent of green area were significant with p<0.05 no significant difference between field sites with and without syrphid visits considering edge density at 80 m radius (W=893, p=0.08). For both syrphid diversity and plot visits there were larger mean values for edge density and green area size when syrphids were observed (Table 1) . Syrphid diversity increased with floral abundance and green area (t=2.38, p=0.02), but there was no effect of floral abundance (t=0.44, p=0.66) and green area (t=1.38, p=0.18) alone on syrphid diversity. More syrphids visited plots with larger plant diversity (t=2.11, p= 0.04) and with increasing size of the surrounding green area (t=2.24, p=0.03). With increasing number of flowers, however, fewer syrphids visited the plots (t=− 2.3, p=0.03). As with bees, models for syrphid diversity (Moran's I=1.25, p=0.11) and syrphid visits (Moran's I=1.16, p=0.12) showed no significant spatial residual pattern.
Discussion
Scale effects of landscape metrics
Landscape factors influenced diversity and visits of bees and syrphids at flowering patches at different spatial scales. In almost all cases, the correlation between diversity or visit frequency of both pollinator groups with the landscape metrics of extent of green area and edge density became stronger at larger scales. In semi-natural and natural landscapes correlation coefficients of bee species richness as well as visits with proportion of seminatural habitats also increased with scale (Steffan-Dewenter and Tscharntke 2002) . This reflects that the variation in bee diversity and visits can be explained by the extent of green area and edge density at larger scales than 200 m radius even in urban environments, although other studies reported reduced foraging ranges of bees in cities (Lopez-Uribe et al. 2008; . Given, however, the large foraging ranges of bees up to 1.5 km (Darvill et al. 2004; Gathmann and Tscharntke 2002; Osborne et al. 2008a; Zurbuchen et al. 2010) , green areas can function as habitats for foraging and as "stepping stones" on long-distant foraging bouts (Dearborn and Kark 2010; Dover and Settele 2009) , while edges of green areas can be expected to serve as foraging routes (Osborne et al. 2008b) .
Our results also provide evidence that the variation of syrphid density and diversity in urban environments is more explained at larger (i.e., above 100 m radius or≈31,500 m 2 ) than smaller scales. These results corroborate earlier studies (Meyer et al. 2009; Sommaggio 1999 ) and can be referred to the response of the five most common syrphid species Episyrphus balteatus, Eristalis tenax, Sphaerophoria scripta, Syrphus ribesii, and Syritta pipiens in our study (which account for 59.6% of syrphid floral visits and 58.1% of recorded syrphid plot visits (Online Resource 1)). These species travel distances of several kilometres while migrating in natural environments (Gatter and Schmid 1990) and are known synanthropic species (Bankowska 1980) . Although there is little information on foraging ranges of these syrphids (and syrphids in general) in urban environments, the potential for long-distance movement exists and that explains larger correlation coefficients with increasing scale in our study. The stronger positive response of syrphid diversity (compared to bee diversity) to landscape metrics over the entire scale (Figs. 4 and 5) can be also explained by the different biology of syrphids and bees. In contrast to bees parental care is not known from syrphids (van Veen 2004) . Additionally, syrphid larvae depend on different resources than adults and live in different habitats (Sommaggio 1999; van Veen 2004) . Areas with increased mosaic richness of habitats and landscape structures promote therefore syrphid species richness and abundance (Haenke et al. 2009 ), which is more likely to be found in larger green areas and with a larger density of green area edges.
Edge density of green area
For bees (unlike syrphids), as scale increases the correlation of species diversity against edge density continues to increase. This suggests that as habitats are increasingly dissected at larger scales a wider range of bee species are observed at the local patch scale. Presumably, this is due to the larger ranges of many bees (in contrast to syrphids) such that larger scales better reflect the habitat structure that supports wide ranging bees. Thus, bee diversity is a function of large scale habitat structure. On the other hand, green edges provide nesting sites for bees (Osborne et al. 2008b ). An increased edge density offers opportunities of breeding for many bee species, which can explain the positive correlation.
For bee visits, the scale relationships expressed by the results are apparently explained by the different spatial area over which different bees forage (Gathmann and Tscharntke 2002; Greenleaf et al. 2007) . At smaller scales different responses of large and small foraging bees to edge density are reflected by larger variation in the correlation coefficient. Removing honeybees (densities of which are strongly dependent on urban honeybee-hives) reduced the variation and made the correlation positive at scales between 50 and 70 m radius. Although the correlation coefficients still varied considerably, we conjecture that the variation is due to species specific responses of bees to edge density, although there is little information on such specific responses of bee species to urban green edges.
An increase in the edge density/syrphid visitation rate correlation coefficient with scale is obviously explained by the importance of edges for syrphids. Syrphids require different microhabitats for larval and adult growth (van Veen 2004) . Flowering trees and shrubs provide larval food and resources. In urban environments trees and shrubs often grow or are transplanted along edges of green areas (Hopwood 2008; Lundholm and Marlin 2006) , while the green area core is most often a lawn used for recreational activities. The increasing correlation thus reflected larger resource amount with increasing edge density of green areas.
Edges also facilitate movement (hence visits) of syrphids that forage over larger areas, at least up to 20,000 m 2 after which there is no further improvement in the correlation of edge density with increasing scale. Syrphids have been shown to be sensitive to different barriers (Wratten et al. 2003) , which may differ in the extent to which they influence syrphid movements. Responses of edges on movement of insects across the landscape can be, however, species specific. As no direct comparison of edge types or their effects on insect activity has been made within urban environments, we know little about the specific responses of syrphids to these habitat elements.
In contrast to the abovementioned explanations, which refer to the biology of bees and syrphids, the shape of areas can also determine movement patterns (Ims 1995, and references therein) . Green areas with higher edge densities also have an irregular shape with concave and convex boundaries. Curved boundaries can act as channels for emigration and immigration (in Ims (1995) : Hanski and Peltonen 1988; Hardt and Forman 1989) , promoting bee and syrphid movement. This is obviously supported by our results as there was positive correlation between green area edge density and syrphid visits. In contrast, bee visits were negatively correlated over the entire scale (i.e., from 20 to 200 m radius) with the exception when honeybees were removed. Presumably honeybees prefer open spaces and the location may be easier to communicate in the hive (Steffan-Dewenter and Kuhn 2003) .
Green area
The correlation for bee and syrphid diversity with green area was positive over all scales indicating a positive relationship of green area with diversity of these groups, although the strength of the relation levels off at a radius of 100 m (≈ 31,500 m 2 ) for bee diversity, while for syrphid diversity it continues to improve. Thus, syrphid diversity is more strongly related to the extent of green area than bee diversity.
The correlation pattern between the visit frequency of syrphids and green area resembles the results for syrphid diversity with a maximum value at the largest scale (≈ 125,500 m 2 ), though the curve continues to rise more steeply than in syrphid diversity. In other words, as the extent of green area increases at larger scales both syrphid diversity and visits increases. These responses may be related in that higher syrphid diversity may itself increase visitation frequency as different flowers partition resources.
In contrast, bee visit frequency showed much variability at scales between 1,250 and 50,000 m 2 (i.e., 20-125 m radius), but tended to level off thereafter. The variability refers to visits by honeybees, because the correlation of bee plot visits were similar to results for bee diversity after removing honeybees. For honeybees presumably other factors are more important in explaining the variability, including flower composition or the management of the green area (Brown and Freitas 2002; Smith et al. 2006) . Moreover, honeybees can forage over large distances (Goulson 2003) , which is why they can be affected by other factors not accounted for by the spatial scale of our study. Finally, honeybees are usually kept in hives and might be buffered against negative impacts of urbanization such as fragmentation and habitat alteration, which could affect the search for adequate nesting sites. For wild bees, however, a positive correlation with green area indicates the importance of green patches as foraging and nesting places. In areas with large support of green area structures such as parks and gardens, more wild bee species can be therefore expected (Fetridge et al. 2008; Frankie et al. 2009 ).
Local and large scale factors
We found that plant diversity and floral abundance are positively correlated with bee diversity and abundance, and syrphid visits. More diverse plant patches attract a wider range of floral visitors on account of the wider range of resources they offer (Ghazoul 2006; Potts et al. 2004) . In rural or natural settings it is not unexpected that flower visitor diversity is correlated with plant diversity (e.g., Biesmeijer et al. 2006; Ebeling et al. 2008; Hegland and Boeke 2006) , but there are fewer studies reporting positive relationships between plant diversity and floral abundance with bee and syrphid diversity and visitation frequency in a highly transformed urban setting, where floral resource patches are more limited in both number and extent (Ahrné et al. 2009; Kearns and Oliveras 2009 ). More limited flowering patch availability might be expected to undermine patterns of resource selection and differentiation by pollinators (i.e., pollinators are forced to make do with what they get), leading to a breakdown in the correlation between resource variety and pollinator diversity. This does not, however, appear to be the case for bees and syrphids, which suggests that the promotion of pollinator diversity within urban settings needs to consider not only the number of green patches at large scales, but also their floral composition at patch scales.
In contrast to floral diversity, floral abundance (independently of diversity) had no effect on bee diversity. The lack of any relation between bees and floral abundance was also found in other studies (Ahrné et al. 2009 ) and can be attributed to the foraging ranges of honeybees and bumblebees which can exceed several hundred meters at least in rural settings (Gathmann and Tscharntke 2002) . This species accounts for the majority of floral visits by bees. While foraging ranges are less clear in urban centers, it is feasible that honeybees briefly use green areas such as lawns, gardens or meadows as stepping stones between the nest and more rewarding sites which might even lie beyond the periphery of a city such as Zürich. In such a case, floral visitation by honeybees is less a function of patch quality but rather whether it lies along the path between the nest and a larger resource area (Angold et al. 2006; Dearborn and Kark 2010; Dover and Settele 2009) .
In contrast to bee species, syrphid species were influenced by the number of flowers in the plots as might be expected for insects that have smaller foraging ranges and therefore are more dependent on patches within a smaller locality. A greater number of syrphid species in plots with larger floral abundance can be simply attributed to greater availability of resources (MacLeod 1999; Sih and Baltus 1987) . Syrphids also have a range of habitat requirements for breeding and foraging (van Veen 2004): larvae of some species occur in tree holes, in muddy ponds, or hunt on aphids, while most adult syrphids forage on flowers or suck plant sap. We expect that larger green areas will provide this diversity of breeding requirements and with increasing flower number would have attracted more syprhids. We conjecture that the negative effect of increasing floral density and green area on syrphid visits is referred to larger resource availability with increasing patch size. The likelihood for finding more rewarding floral spots increases with patch size and fewer syrphid visits could have been then observed at a single floral spot.
This study emphasizes the importance of green area for diversity and visits of bees and syrphids in our urban environment. Our results showed that green area was the only significant variable, which describes the urban matrix and affects both bees and syrphids. In particular, bee diversity and visits responded positively on green area size. This is in line with other urban studies reporting an increase of bee species with size of green structures such as parks (Ahrné et al. 2009; McFrederick and LeBuhn 2006) . The positive effect of green area on bees and syrphids can be attributed to the provision of food in terms of floral resources and nesting sites.
Edge density of green areas was the second important variable describing our urban environment affecting bees, but not syrphids. Although edges along green areas contain many flowering shrubs and trees, which potentially provide nesting and foraging sites for bees, we found no evidence to support this. On the contrary, increasing extent of edges was associated with reduced plot visits by bees. This may be largely due to the negative affect of edges on visitation by honeybees because excluding honeybees from the analysis resulted in no significant effect of edge density on bee visitation frequency. This suggests that honeybees presumably prefer more open areas for foraging.
Conclusion
The spatial factors (i.e., landscape metrics) edge density and the extent of green area showed a positive impact on bee and syrphid fly diversity, potentially affecting their foraging behavior and potential services to plant species within the urban environment. In addition, the importance of these metrics varied depending on the scale of analysis with the most appropriate scales being between 80 and 100 m radius (≈ 20,000 m 2 ) and above 150 m (≈ 70,000 m 2 ) for diversity as well as visitation frequency of bees and syrphids, respectively.
The local factors plant diversity and flower abundance influenced bee diversity and visits, while we found positive effects of plant diversity and floral abundance on syrphid diversity, while fewer syrphid visits were recorded with increasing floral abundance. The different effects on these two flower visitor groups emphasize the need to consider conservation schedule independently for each. The variation of the correlation between the landscape metrics and visits as well as diversity of bees and syrphids with scale suggests that finding appropriate schedules for realizing conservation of pollinator species within the urbanity needs to consider the spatial scale.
These results are derived from a single study of a small city. Generalizing from these results to other urban areas needs to be undertaken with caution as there is no replicability at the level of the city. It is possible that these responses differ among cities depending on the overall size (and therefore proximity to semi-natural and rural areas), levels of pollution, intensity of human activity or other factors (Schwarz 2010 ). Although we have not done a comparative analysis, the city of Zurich does appear to contain a large number of relatively small patches of flowering plants in urban gardens, along roadsides, in parks and on rooftops, and it may represent a more hospitable urban habitat for both plants and their pollinators than other cities of comparable or larger size. There remains a need for a more comprehensive study conducted over several cities that vary in size before broader conclusions can be made with confidence.
